1. Su42ersymmetric [1] [2] [3] theories imply a large number of new particles. Most of them are relatively heavy and are not produced directly. However, they can contribute as intermediate states to low energy processes which can be measured with high precision, and thus might give stringent restriction on the new particles. Such a restriction comes from the K0-K 0 AS = 2 mass mixing which we treat in this paper.
In the standard model of the electroweak interactions only the W-bosons can contribute to the box diagram which generates K0"K 0 mixing. In supersymmetric (Susy) models, both charged and neutral gauge fermions (gluinos ~', W-inos, if, z-inos .... ) can in principle give rise to flavour changing processes. In particular, gluino exchange might give large contributions.
Most recent models do not have flavour changing gluinos at tree level (that is, for the tree level mass matrix of the particles). But in many models radiative corrections are important, in particular to the masses of the scalar quarks (squarks). In these models, the radiative corrections can induce flavour changing gluino couplings.
In this paper we study the gluino contributions to 1 Research supported in part by the US National Science Foundation.
K0-K 0 mixing. Several authors [4] have given estimates of possible flavour violations due to sup~sym-metric intermediate particles, in particular the W. They follow the work of Gaillard and Lee [5] , and base their results on the approximation that scalar quarks are much lighter than gauge fermions. This is, however, not applicable to the recently proposed models [6] [7] [8] with local supersymmetry where one expects the masses of the gluinos to be less or equal to the gravitino mass, and hence to the masses of squarks and scalar leptons. We derive therefore the exact expressions and evaluate also the required hadronic matrix elements.
2. The important coupling for us is that between gauge fermions )kA, quarks ~ and squarks q~, given as
where gA is the gauge coupling of X A and ZA the respective coupling matrix in the representation of and q~. (Group indices are suppressed.) The indices i,/" denote mass eigenstates, and the couplings I "ij have the form
The FL, R are obtained from the unitary matrices 0 0310163/83/0000-0000/$ 03.00 © 1983 North-Holland 55 Ue, U¢ needed to diagonalize the ¢, ~ mass matrices. They have typically the form Ug U~. (The U¢ is, for example, related to the KM matrix [9] .) It is obvious that if Ue = U~, gluinos conserve flavour. On the other hand, the W will cause flavour changes, just as the W with P = KM matrix. In any case, eq. (1) gives rise to the AS = 2 effective operator of fig. 1 . To evaluate it, we note that in supersymmetric theories there are two scalars with the same SU(3)colou r X U(1)QED quantum numbers, ~b R and eL, associated with the right-and left-handed quarks, respectively. The possible mass terms are q~Lq~[, CRCR, and q~RqSL + h.c. The first two do not break any quantum numbers while the last breaks SU(2) × U(1) and is always proportional to a quark mass. Mixing of ~b L and ~b R will then be of order mq/mw or so and thus small, and we neglect it. (We will see below that this is also justified for another reason.)
The dominant AS = 2 hamiltonian has then only even powers of lP L and P R. We define Gf = r r *z +
then, the effective ~S = 2 hamiltonian is
where m~-is the common mass of the gauginos in the loop.
Since one is often interested in squarks which are nearly degenerate in mass, it is useful to give the expansion of these formulae for m 2 -~ m 2. We have 2
m~ [m 2 m(_~]) ] Kii= Iii +m 2-m] m-ii---mi21n
where
[m2~ m2
The apparent poles in eqs. (13) to (16) disappear, when we expand in powers of (m 2 -m2). For later use we record Y~_ 3/10m 4 , (14.11 2 in leading order in m~ -m 2.
3. We must next discuss the values of the I"s in eq. (1) for gluons. For box diagrams with W exchange we must take expressions (3) to (16) and substitute essentially the KM matrix for r.
In global supersymmetry it has proved difficult to construct realistic models. The only acceptable ones are those where radiative corrections are important for the masses of the "light" particles. A typical example is a model of Ovrut and Nappi [10] . There, the leading contribution to the masses of the squarks are not tree graphs ( fig. 2 ), but the loop graphs (figs. 3 and 4). The contributions of the latter are generally large. However they are the same for all flavours and thus uninteresting for the mixing between mass eigenstates and flavour violations. In fig. 2 , only electrically neutral Higgs fields H can couple. This means that the (mass) 2 matrix of the squarks for a given charge is of the form MM + where M is the mass matrix of the corresponding quarks. Clearly MM + is diagonalized by the same unitary matrix as M ,x and no flavour changing gluino exchange arises. But in fig. 3 charged Higg2s fields can also occur. This means that the (mass) matrix for one charge of squarks will obtain also a contribution proportional to the square of the mass matrix of the quarks of the other charge. [Note, that with the standard particle assignment (left-handed doublets and right-handed singlets), this only applies to "left-handed" squarks eL.] Thus, the (mass) 2 matrix for the down squarks is
where Md, Mu are the mass matrices for the down and up quarks and c a number, calculated from diagrams such as in fig. 3 . In eq. (17), the flavour-unity piece from fig. 4 is omitted. Obviously, M 2 is not diagonalized by the same unitary matrix as Md (from the left), and flavour changing gluino coupling can arise.
We consider this example further since it will be important in the following. In the standard model Mu can be chosen diagonal and M d such that (KM matrix) • M d = diagonal ,z. If c >~ 1, then, since me >> ms and m t >> mb, M 2 in eq. (17) is essentially diagonal, and the coupling between down quarks and squarks is given by the KM matrix. As mentioned, for "righthanded" squarks and quarks the coupling is the unit matrix, and for up particles the effect is tiny, unless c is very large. We will therefore only treat the lefthanded down field in the following.
In order to estimate the effects due to this mixing, we need to know c. We will now discuss its size in models based on local supersymmetry [6] [7] [8] .
In these models, supersymmetry is broken at a very high energy scale of ~ (M w • Mp)i/2 ~ 1011 GeV. Even though at tree level (appropriate for this scale) 
for the down squarks, where b is understood to include also a tree mass proportional to MdM~d. Eq. (19) is of the form (17).
To find a reasonable value of c we first consider the model of Ellis, Nanopoulos and Tamvakis [8] . The Higgs mass is given by
where h t is the Yukawa coupling of the top quark, a G is the common coupling at the unification point of SU (3), SU (2), and U (1), oq = e2/4n at mw and M an input parameter. When M2H < 0 spontaneous symmetry breaking occurs, and the Higgs field develops a vacuum expectation value v, with
The (mass) 2 matrix of the down quarks has, beside a term proportional to the unit matrix, the contributions (figs. 2 and 3)
where, again, Md is the down quark mass matrix and Cu, Cd the Yukawa coupling matrices for up and down quarks. We now take M~I = -M 2 ,3. Using eq. (21), the radiative term (23) is comparable to the tree level contribution (22) ifa 3 ~> 4a2. If we take a 3 ~-0.1 and a 2 "--~, we see that the two terms are indeed comparable, and c ~ 1 in eq. (17). As apparent from eq. (20), a relatively large top mass is required in this model, But as stressed above, we expect c to be large in all supergravity models. We have therefore solved eq. (18) (and similar equations [11, 8] for the other parameters) for one generation. We find that for reasonable values of them c ~ O (1) . (24) If this is taken for all fiavours, we are exactly in the situation described after eq. (17). The (mass) 2 shifts of the down quarks are essentially the (mass) 2 of the corresponding up quarks. We will use this in our numerical estimates.
To calculate the effect of the AS = 2 hamiltonian, we need the hadronic matrix elements of the various four quark operators which appear in eq. (4) . One of these is the same operator which appears in the standard z3S = 2 transition found by Gaillard and Lee [5] . This has recently [12] been extracted from K -> 2rr data using PCAC and SU (3) . The other operators, however, must be calculated directly. We evaluate these in the MIT bag model [13] . The result is 
where A and B are bag model overlap integrals [13] mK f
_ mK f
with u (l) being the upper (lower) component of the quark's Dirac wave function. M is taken from ref. [12] and has the value M= 0.1 mK•
• 3 This is certainly reasonable, since eq. (20) only makes 2 sense ffM~ -M a.
4. We can now give the size of the flavour change. Using eqs. (7) to (16) and eqs. (25) to (28) (29) we use the fact that only the "left" squarks occur in the loop of fig. 1 ; this implies the absence of the leading terms ~Ai/of eqs. (8) and (9).
Taking as ~-0.1, and replacing m K in eq. (28) by Mw/160 (corresponding to M w = 80 GeV) [14] we obtain (M2/m 2) AilA/1J(UliU2iUljU2/)~ 6 X 10 -7 , (30) where the factor 6 on the fight hand side only enters if i = j. As mentioned, the mass of the gluino is expected to be not far from the mass of the squarks or of the gravitino, m3/2. Using therefore the approximate expression (14.1), we get (M2w/m2)(Ail)Z(uliu2i) 2 ~< 2 X 10 -6 . 5. To summarize our results: Locally supersymmetric theories have flavour changing gluino couplings. They lead to a K-K 0 mixing analogues to that of the W-inos, if aweak is replaced by astrong and M w by the gluino (or gravitino, if heavier) mass. We obtain a lower bound on this mass of 37 GeV, as well as new restrictions on the KM angles. The effect of these gluino exchanges is absent in other highly suppressed observables, such as K ~/a~ or ~u -+ eT, but it might contribute to quantities such as the electric dipole moment of the neutron.
Beside the renormalization effect discussed here, there is potentially another effect which leads to flavour-changing gluino couplings, namely the renorrealization of the so-called A-term in the scalar potential [8] , which contributes to the mixing of leftand right-handed squarks. For a reasonable range of the parameters, the numerical evaluation of the renorrealization group equations indicates that this effect is not large.
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